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Abstract・DepressedandrlatsurfhceLesionsarenoteasy  
toidentifywithroulinecolonoscopiesduringscreenlngfbr  
CO）orecta）cancer（CRC）・Identifyingclinical）yre）evantgenes  
thatinnuencetumorshapecouldbeusefu）whenscreeningfbr  
thepresenceofdepressedLesions．1btaJRNAwasextracted  
fromtumorcelIscollectedbyLasermicrodissecLionfrornthe  
PrLmarylesionsof146CRCcases．MicroarrayanalysISWaS  
PerfbrmedtoidentifygenesthaいVerediffbrenLia］］yexpressed  
betweendepressedandeIevatedtumors．Sing）enucleotide  
POlymorphism（SNP）analysisofgenomic DNA fromthe  
Peripheralbloodor67CRCpatientswaslhenusedtoasso．  
Cialepolymorphismswiththeoccurrenceofdepressedtumors．  
Microarrayana］ysISreVeaIedsigniGcantlyhigherexpressionof  
thefibronectinl（FN］）genein129depressed－LypeLumOrSand  
Lesionscomparedto17elevated－typetumOrS．FN］－abundant  
CRCtumors、VereLarge、Vithaslgni鮎antlyhigherincidence  
Or）ymphaticpermeation．SNPanaIysISindicatedthat44  
tumorswithaGGgenoLypeatSNPrs6707530showedsignifi－  
CanLlyhighernV）expressionthandid23tumorswithGTrrT  
genotypes（p＜0．05）．TheproductoftheFWlgene（localeda1  
2q34）isinvoIvedincelladhesion，migrationandmetastasisin  
mesenchymaltumors．AbundantexpressionofFN］mqyallow  
CanCerCeJIstoinvadedeeper】ayers，Which、VOuldeventualIy  
de触etumorshape・Idenl摘cationofthisSNPinbloodsampIes  
mayfaciLitatediseasediagnosisandal】owpredictionofthe  
PreSenCeOfdepressedlumorsintheco］orecta）epithe］ium  
befbreaco］onfiberscopeexamination．  
Introductiom   
Thesizeandshapeofalesioninco］orectaIcancer（CRC）are  
beLi vedtobeconnecteddirectlytoc］inicalphenotypeandto  
SerVe SPredi torsofmalignantbehavior（Ⅰ，2）．Earlysuper百－  
CiaJCRC］esi nscanbeclassifiedaseLevated（POlypoidand  
non－POlypoid）ordepressed（3A），Fblypoidlesionsgrowabove  
（hesur aceofthemucosaandthevo）umeorthepolypoid  
COmPOnentaPpearS10becorrelatedwiLhma）ignanlbehavior．  
Non－POlyp idlesionsmaygrownators］ighllyelevated，eVen－  
tuaLlyprogresslng，ln10POlypoidlesionsor］ateralspreading  
lumors．Final1y，depressedlesions（0－ⅠIc，0－ⅠIc＋IIa，0－IIa＋Ⅰ］O，  
Whic comprise．only2．3％ofaJ］superficiaJlesions（5），  
WarrantParticularattenLionduetothedifricultyofdetec－  
tionandremovalbyRberscope（6J）．Sincedepressed－tyPe  
es onsarerrequent）ylocaledintherighlcolon，theycanbe  
dif鮎uLL10detect．Moreover，depressedLesions，independen1  
0f ize，havebeenassociatedwiLhanincreasedriskofrapid  
P OgreSSiontocancer，aSShowninendoscopyandpatho10gy  
uniLSinJapan 4，5，8，9）．Depressed－typeIesionsandlumOrS，  
SuChasearlierphaselesions（0－ⅠIc，0－ⅠIc＋IIa，0－ⅠIa＋ⅠIdandbr  
advanc dLumors（typeS2and3），invadeandmetastasizeto  
Iymphnodesandolherdistantorgansandindicateapoorer  
PrOgnOSi thandotypeltumors．   
MicroarrayanaLysISOrRNAfromlhecancercellsof  
144CRCcas srev aledlhatthefibronectinl（FJV］）geneis  
SLgnificantlyassociatedwithtumorshapeinCRC．FNlisa  
glycoproteinthatispresentinasolubledimericfbrminthe  
Plasma，andinadimericormu）timericfbrmalthecelLsurface  
andintheextraceIlularmatrix（10）．ItisinvoIvedince］］adhe－  
Sionandmigrationprocessesincludingembryogenesis，WOund  
healing，bIoodcoagu）ation，hostdefヒnseandmetastasis．The  
genehas3reg10nSthaLaresu叫ecttoalternativesplicing，  
Withthepotentialtoproduce20transcriptvariants．However，  
thefuJ］LIengthnatureorsomeofthesevarianlshasnotbeen  
determined．   
In the present study，We Performedacomprehensive  
analysistoidentifygeneslhatdeterminelumOrShape（11）．  
Eva）uationofchangesintheexpressionpallernsorthesegenes  
mayaJIowphysicianstomakeaprecise，nOn－invasivediag－  
nosisofdepressed－tyPelesionsinearlyCRC．Thecorrelation   
Cbrre3POndbnce to：Profbssor KoshiMimori，Department or  
Surgery，Kyushu Universlty Beppu HospitaJ．4546Tsurumihara，  
Beppu8「格－0838，Japan  
E－mai1：kmimori＠beppu．kyushu－u，aCJP   
●conlributedequally   
助ywo血：fibronectinl．colorectalcancer．1umors pe  
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lions：initialdenaturationa1950cfbr10min，fb］］oIVedby45  
CyClesor950cfbrlOsec，annealingaL600cfbrlOsecand  
extensionat720cfbrlOsec．AfterampliRcation，PrOductswere  
SuqeCLedLOatemperaturegradientfrom65Cto950cato．20c／  
SeC，undercontinuousfluorescencemonitoring，tOPrOducea  
meltingcurvefbranaIysISOfprimerspecificity．   
Ejpression array anaLysi5．For microarray expression  
anaLysIS，WeuSedacommerciallyavailabIeWholeHuman  
GenomeO］igoDNAMicroarraykit（Agilentl七chnologies，  
SantaClara，CA，USA）．A）istofgenesonthiscDNAmicro－  
arraylSaVailablefromhlLP：〟www．chem．agi］ent・COm／scripts／  
generic．asp？Lpage＝5175＆amp；indcoI＝Y＆amp；PrOdcol＝Y  
＆prodcol＝N＆indcol去Y＆prodco）＝N．Cyanine（Cy）－labeled  
cRNA was prepared using T7 linear amplification as 
describedintheAgilentLowRNAlnputFluorescentLinear  
AmpliRcationKitManual（Agilentl七chnologies）・Labeled  
CRNA wasfragmentedand hybridizedtoanoIigonucle－  
Otidemicroarray（Whole HumanGenome4x44KAgilent  
G4112F）．Fluorescenceintensities weredeterminedlVith  
anAg‖entDNAMicroarrayScannerandwereanalyzed  
usLngG2567AAFeatureExtractionSoftwareversionA7・5・1  
（Agilen11七chnoIogies），、VhichusesLocalLyweightedlinear  
regressioncurve机（LOWESS）normalization・Thismicro－  
arraystudyfbLlowedtheMIAMEguidelinesissuedbythe  
MicroarrayGeneExpressionDatagroup．Furtheranalyses  
Were Performed using GeneSpring version7・3（Silicon  
Genetics，SanCarlos，CA，USA）．   
gvβJ〟αJわ〃げ叩柁∫e〃JαJ血∫椚㌔f〝J力eFⅣJc（，df〃g喝わ仇  
Genomic DNA was extracted from the peripheral blood 
Or64patients with primaryCRC usingaQtAamp DNA  
Minikitaccordingtothemanufhcturer’sprotocol（Qiagen，  
Valencia，CA，USA）．SNPsinLheexonicandintronicregions  
OfFN）lVereeValuatedsimuLtaneouslyusLnganAfrymetrix  
genome－WildSNParraytodeterminetheassociationbetween  
FN］expressionandthegenoLypeofeachSNPintheFW－J  
gene：rS6707530，rSl165I，rS7594168，rSlO498037，rS33996776，  
rs1250214，rS7568287，rSlO201850，rS41347752，rS1250204，  
rs7588661，rS2577302，rS1968510，rS34255697，rSlO172425，  
rs7572169，rS2372545，rS1250264，rS12105173，rSlO199059，  
rsI437799，rS1250270，rSl1693652，rS7567647，rS1898536，  
rs10202483，rS1250247，rS1250233，rS6753702andrs1250252．  
However，rS2372545and rs1250264were excLudeddue to  
low－qualitydata．The EthicsCommitteeofeachinstitute  
approvedthisprqject．   
Results   
βも脾化〃JねJ叩柁∫∫わ〃q／爪V－Jf〝Ce肋f∫OJαJed♪0椚C尺C  
PrLmarytumOrS．MicroarrayanalysIS reVealed asLgniri－  
CantdirfbrenceintheexpressionortheFN］genebetween  
depressed－tyPeLumorsandLesions（0－］Ib，0－ⅠIc，0－Ila＋ⅠIc，  
0－ⅠIc＋‖a，tyPe2andtype3tumors）andelevated－typeLumors  
（0－Ip，0－Tsp，0－Is，0－ⅠIaandLypeltumors）．Themicroarray  
COntainedthreeprobesfbrF7V］，a）lofwhichwereslgnificantJy  
upregulatedindepressed－tyPelesions（n＝129）comparedto  
elevated－tyPetumOrS（n＝17）．The3probeswerealsousedto  
Validatethese百ndingsinrepresentativesamplesofdepressed  
（n＝Ⅰ9）andelevated（n＝9）tumorsandnorma］tissues（n＝9）．   
betweenF7V）expressionandtumorshapewasvalidatedby  
quantitativereal－timereversetranscriptionpolymerasechain  
reaction（qRT－PCR）befbresingIenuc）eotidepolymorphism  
（SNP）anaLysiswasperfbrmed10identifypolymorphisms  
intheF7V］codingreglOnthatcouldbeusedaspre ictorsof  
tumorshape（1）inCRC・   
Materials and methods 
CRCpatients．Thestudygroupcomprised146patientswilh  
prlmaryCRC．ThepatienLSrangedinagerrom32to96years，  
Withanaverageageof66years．Theyunde wentoper Lions  
alm叫OrhospLtalsinJapan：Kyushu Universlty，Kilaza10  
University，lbkyoMedica］andDentaL Un versity，National  
DeftnseUniversity，MieUniversily／tbkanoHospital，Natio al  
CancerCenterandOsaka Universily from2004to2009・  
Noneo‖hepaLientsreceivedpreo erativetrea me tssuchas  
radiaLionorchemotherapy．［mmedialelyarlersurglCalresec－  
tion．tumorsamples（T）werecareruI）yremovedfromprimary  
CanCerOuSlesionsfbrceHisolationuslng］asermicrodiss ctio   
（LMD）．Clinicopathologica］palientdatawereobta nedfrom  
CLinicalrecords．HistopathologlCalassessmenlSWeremade  
usLngtheJapaneseClassi鮎ationofCo）orectaICarcinoma 7t   
edition．   
CoLLection qfCRC ceLIs．Tissues rrom Lhe146CRC  
Patients werecollected forLMD uslngthe Leica Laser  
Microdissection System（Leica Microsystems，Wetzlar， 
Germany）．Inbrief，5－Pmfrozensectionswere伝xedin70％  
ethanoIfbr30sec，Stainedwithhema10Xylinandeosinand  
dehydratedasfb1lows：5seceach n70，95andlOO％ethanoI  
anda伝naJ5mininxylene．Thesectionswerea r－dried，then  
microdissectedwiththeLMDsysLem．1brgetcelLs，alleast  
100ceLIs／section，WereeXCisedandboundtotransfer刷mfbr  
10ta】DNAextraction．   
丁加αJ尺冊e∫J用CJわ〃α〃dメ持ト∫Jm〃dcβM∫γ〝J尤e∫i∫．CRC  
tissuespecimensorculturedceLLlinesatsubconfluencywe e  
homogenized，andtotalRNAwa extracledusLngthemodi－  
fiedacid－guanidine－Phenol－Chlorofbrmmethod．1btalRNA  
（8．OFLg）wasreversetransc ibedtocDNAusingM－MLNRT  
（lnvilrOgenCorporation，Carlsbad，CA，USA）．   
qR71PC尺．The sequences for FN］mRNA were：FN／，  
SenSePrLmer，5’－GAACTATGATGCCGACCAGAA－3■and  
antisense prlmer，5’－GGTTGTGCAGATTTCCTCGT－3．．  
Glyceraldehyde－3－Phosphatedehydrogenase（GAPDF］）was  
usedasaninternalcontrolandGAPDflprimerswere：SenSe  
Pr）mer5．TTGGTATCGTGGAAGGACTCTA－31andanli－  
SenSePnmer，51TGTCATATTTGGCAGGTT－3一．Real－time  
monitoring of PCR reaclions was performed using the  
LighLCycLersystem（RocheApplie Scien ，IndianapoLis，  
IN，USA）andSYBR－Greenldye（Roch Diagnostics，lbkyo，  
Japan）．Moni10ringwasperfbrmedaccordingtothemanu－  
facturer－sinstructions．Inbrief，amaStermixturecontalnlng  
lJJlofcDNA，2FLlofDNAMas erSYBR－GreenImix，50ng  
OrPrimersand24FLIof25mMMgCL2WaSPrePa donice，  
andlhefinaIvolumewasaqiusted1020FLIwithwater．After  
thereactionmixturewasloadedin10glasscapillary ubes，  
qRT－PCRwasperfbrmedwiththefb1low］ngCyClingcondi－  
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Figt［rel・DirfcrencesinthegrowthtypeinTisl’2CRCLumor・ThreeprobcscoveredthecodingregioTtOfFN［（NM－2）2482）on（heAgilentexpressiort  
ar帽y・F〝J恍PreSSiomdct∝【edbyeachprobeisrepre5enledbylheblacklinesin規Chcolum爪．Lerlcolum爪，eXPreSSioni…OmatCOlorec【a】epi【heIialc¢IIs  
（n＝9）；middleco】umn、eXpreSSio爪indepres5ed－【ypelumors（n＝Ⅰ9）；righlCOtumn，CXPreSSioni＝levaled－1ypelumo†S（n＝9）・Theupreg山ated（redline5）帥d  
downregutated（g搾enlimes）expresstonlevdsorwho】egenesin【hemic柑arrayanalysisarealsodenoted．  
??????」?????????
（????????
G8nOtyP8  GG  
ヰ4  
FNl／GAP【】H 4．09±0．32  
Figure3，F〃／expressionisassocialedwilhas】ngIenucleotidepolymoト  
Phism．TheGGandGmgeno【ypesofrs6707530w亡reidentほedin44and  
23CRCcases，reSPeCtively．Th¢eXpreSSionorF〃Jwass唱nはcantlyhi8her  
inGGcasesorCRCtharLinGTmcases．FN］．fibronectinl．  
Rgu陀ヱ．Va】idationor【he鮎SOCialionbe【wee爪tumOrShapeand爪VJexpres・  
Sion．Theexpressionorダ〃JinthモSubgroupofdepres5edIumors（n＝三t9：  
1・47土036）vs．1he5Ubgrouporelevaled【UmOIS（n＝Ⅰ8，0，39士0．37；p＜0．05）．  
FⅣJ，刷）rOne（：tirll．  
C加ic叩βJ力0わgfcαJ∫fgJ‡ぴC（】〃Ce（ゾF〃Jf〝CJiCcα∫e∫．In  
additiontotumorshape，20therclinicopatho］ogLCalfactors  
WereaSSOCiatedwithFNJexpression（lbbleI）・Higherexpres－  
Sionwasobservedinlargertumors（＞5cm；n±71）thanirL  
Sma］1ertumors（n±乃；P二0，0024）．Therewasalsoasignincant  
differenceinFNJexpressionbetweer11ymphaticpermealion  
negative（n＝65；4．38±0，24）andpositive（n＝61；3．70j＝0．22）  
tumors（P＝0．036）．   
FⅣJgjp化∫∫Jク〝f∫d∫∫OCfα化dw肋J∫〃P．Ofthe30SNPsin  
thePN］reglOn，rS6707530wasassocialedwith【umorshapein  
CRC（Fig．3）．TheexpressionofFN］／GAPDHwashigherin  
CRCsampLeswithaGGgenotype（n三44；4．09j＝032）aLthis  
）ocusralherthanaGTorTTgenotype（n＝23；3．32±0．45）．   
TheL9depressedtumorsshowedsigni6eantLyhigherexpres－  
Sionthantheothergroups（rawp－Va］ue，1．03985x10▼6；q－Value．  
5．17319xlO▲3；知1d－Change，32．4169；Fig．1）．Incomparison  
totha（OfnormaLsamples，theaveraBeeXPreSSionofFN］in  
depressedtypelesionswasupregulated，Whi】eexpressionin  
elevated－type1esionswasdownregulated．   
qRT－PCRsupporledthe丘ndingthattheexpressionofFNl  
inthesubgroupofdepressedtumors 19tumors；l．47±0．36）  
WaSSigniRcantLyhigher（p＜0．05）th nlhatin esubgr upof  
elevaledtumors（n＝は；0．39土0，37；Fig．2）．  
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Tab】el．Clinicopatho】oglCSLgni鮎anceoftheexpressionof  
fibronectin－1／GAPDHinCRCcases．  
TumortlSSue  
CLinicopatholog）C  Fibronec（in－1／  
analysLS  N GAPDHlog P－Value  
Gender   
Male   
Female   
Location of tumor 
Rectum   
Proximalcolon   
Distal colon 
Sizeortumor（cm）  
brge（＞5）  
SmalI（d）  
TypeoftumoT＆  
Depressed   
Elevated  
His10logicdirrerenliationb   
≠七II   
Mod   
Poor   
Muc  
Depthoftumorinvasion  
pTis一打rl（pM－PSM）  
pT2（PMP）  
pT3（pSS／pA）  
PT4（pSE－PSO／pAI）  
l才mphalicI㌍mealion  
Negative   
Posi【ive  
Venous permeation 
Nega【ive   
Posilive  
lサmphnodemeLastasis  
Negative   
Positive  
Peritoneal dissemination 
Nega【ive   
Positive  
Liver metastasis 
Negalive   
Positive  
NS  82   4．27＋0．28  
64   3．67＋0．25  
52   4．40＋0．27  
43   357＋0．30  
51   3，97＋0，28  
71  4．51＋0．23  
75   3．53＋0．22  
129   4．16＋0．17  
17   2．84＋0．47  
82   4．02＋1．92  
61   4．03＋2．11   
2   2．76＋0．13  
1  3．62  
8   2．92＋0．70  
19   4．25＋0．46  
88   4．12＋0▲21  
31   3．82＋0．36  
65   4．38＋0．24  
81   3．70＋0．22  
54   4．15＋0．27  
91   3．93＋0．21  
75   4，01＋0．23  
70   3．98＋0．24  
140   4．00＋0．17   
6  3．933＋0．81  
12（i  4．01＋0．18  
20   3．98＋0．45  
21   3．86＋0．44  
49   4．09＋0．29  
53   4．09＋0．28  
23  3．77＋0▲42   
NS
Nonc8∩∝灯0US飴＄Ue   
0．0024  
0．（）098  
NS
ngure4・石材Jexpressioれinrepres如ativeCRC【issues■珊Jekpressionwa5  
muchstroIlgerintheinLers（itialtissuesoftumorsthanin（hecorresporlding  
norma＝lSSUeS．F〃／．6bronectinl；CRC，COloreclalcan（†er．  
Nゝ 
0．03（i ??????????????????「??????
?????」??????????????
NS
NS
NS  
0100  ：100   SOO   700   900  1100  1：100 1iOO  
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Figure5．Comparisonordisease－freesurviYalratesbasedo†lDukesclas－  
SiR亡atio＝andtumorshape・AD＝kesDclassiR飴【ionwasindicali代Orlhe  
highestrecurre爪Ceraleamong【hisco】1ec【io爪OrCaSeS・CRCcaseswi【h  
depressed（umor（n＝L29）hadamuchhigherinciderLCeOrTeCurrCIICeLhan  
1110SeWi【helevatedlumOrS（n＝17；log－ranklesl；P＜0．05）・CRC．colorectal  
CanCer▼  
NS  
???? ?
NS  
aShape or tumors：depressed－typetumOr；0－IIc，tyPe2；tyPe2．  
ElevatedtypetumOr：0－Isp，0－1p；tyPel・bHistoJogicdifferentiation：  
We］1，WelIdifferentiatedadenocarcinorna；mOd，TT10deratelydiFFeren－  
tiatedadenocarcinorna；POOr，POOrlydiffercntlatedaden∝arCinoma；  
muc．mucinousadenocarcinoma．  
Dis（：uSSion   
ThetumorlgeneSisofdepressedtumors progressesa）ong  
adifferenlpathwayfromtheconventiona］pathforeleva（ed  
tumorsthalwasadv∝ated吋Vogels【einピーdJP）．Ilisbd絶代d   
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thatmalignantcellsinserraLedandadenomatouslesionsproIiト  
erateandgrowLaterallyandtop－downfromthesurfhceofthe  
lesion（1－3）．However，lit11eisknownabouthowthemolecular  
biologyofcer（aincancerce］lsis etermined・Inthepresent  
Study，Wefbcusedonclarifyingthemechanismre p nsiblefbr  
thedifftrentiationoflheshapesormaJignantceJLs・Inorderto  
dothis，WeeXtraCtedcancerceIIsfromprlmarytumOrtissues，  
avoidingcontaminationwithinterstitialceLIsornon－malignant  
CellswiLhtheuseofLMD・MicroarrayanalysisfbtJowLngthe  
exlraCtionof10talRNAandpurifiedmRNAidentiRedlgene，  
FNl（10）．FN］wasmorehighlyexpressedintheinterstitial  
tissueslhaninLhesuperRciaJgIandsinthesection（Fig．4）．Wt  
PrOPOSethattheabundanlexpressionofF7V］mayallowfbr  
thegenerationoftractionfbrcesthroughitssurfacereceptors・  
However，furlherinvitroandEnvivostudiesarerequired10  
answerLhisquestion．   
CRCcharacterizedbydepressedtumorshasahigherinci－  
denceorrecurrencethanCRCcasescharaclerizedbyeLevated  
tumors（Fig・5）・Consideringpracticalclinicalappli ations，  
reliablemarkerslhaLcanbeusedtopredicttum r hapem？y  
fhciLitalelheearlydiagnosisormalignancyprLOrtOaCOIonos－  
COPy．Inthepresentstudy，WeidentほedlSNPinFN］thatwas  
Slgn浦canLIyassociatedwithtumorshape．   
Inconclusion，lVeFbundlhatLhem叫OrityofCRCcases  
WithdepressedLumorshadahigherrrequencyofeLeva ed  
FN］expression・Inaddilion，WeCOuldprediclthepres nc   
OfdepressedtumorsbyevaluaL noflSNP（rs6707530）in  
theFN］regIOningermlineDNArromperipheralblood．This  
discoveryw＝bene伝ciaLinLhecIinicalseltlng，PrOVidinga  
methodfbrtheearJydiagnosisofdepressed－1ypetumorsby  
COlonfiberscope．  
